Objectives: To examine the accuracy of food composition table (FCT)-based estimation of dietary nutrient element intake in reference to the instrumental measurement by inductively-coupled plasma mass spectrometry (ICP-MS), as an extension of the ®rst part of this study. Design: Cross-sectional study. Setting: Communities. Subjects: 782 adult non-smoking women in 21 sites in 4 areas [China (Mainland), Japan, Korea and Malaysia] in Asia. Methods: 24-h food duplicate samples offered by the women were subjected 1. to the estimation (E) of daily element intake taking advantage of national food composition tables (FCTs) and 2. to the measurement (M) by inductively-coupled plasma mass spectrometry (ICP-MS). The two sets of the results were compared in terms of the (E)a(M) ratio. Because of the limited availability of the element database in the FCTs, the comparison on Na and K was possible in the 4 areas, whereas that of Mg, Cu and Zn was only in two areas of China (Mainland) and Japan. Results: The (E)a(M) ratio was in a relatively narrow range of 75 to 114% in case of Na, and 91 to 120% for K (with one exception of 201% for K in Malaysia). Correlation coef®cients between (E) and (M) were statistically signi®cant for both Na and K in the 4 areas. In cases of Mg, Cu and Zn, agreements were generally poor, and the (E)a(M) ratio was close to 100% only in the cases of Cu and Zn in Japan. Conclusions: In overall evaluation combining the results on Ca, P and Fe in the preceding report with the results in the present report on Na, K, Mg, Cu and Zn, FCT-based estimation generally did not agree with the measure by ICP-MS. The disagreement did not allow precise FCTs-based estimation of dietary intakes of these nutrient elements, possibly except for Na.
Introduction
In the Part 1 of this study (Zhang et al, 1998) , the reliability of food composition table (FCT)-based estimation (E) of dietary intakes of calcium (Ca), phosphorus (P) and iron (Fe) was examined by comparison with the values measured (M) by inductively-coupled plasma mass spectrometry (ICP ± MS). It was noted that the ratio of the estimated value over the measured one [or the (E)a(M) ratio] varied depending on the element measured, and that the deviation from 100% in the ratio was largest for Fe, followed by P and smallest for Ca.
As an extension, a similar comparative evaluation was conducted in this part of the study on other elements listed in the FCTs. In practice, ®ve elements of sodium (Na), potassium (K), magnesium (Mg), copper (Cu) and zinc (Zn) were examined, of which FCT database for Na and K was available in four areas [namely, China (Mainland) , Japan, Korea and Malaysia], whereas it was only in two areas [China (Mainland) and Japan] for Mg, Cu and Zn.
Materials and methods

Food duplicate samples
The 24-hour food duplicate samples (Acheson et al, 1980) , 782 samples in total, were a part of the 884 samples described in Part 1 of this report (Zhang et al, 1998) . The 782 samples were collected from 782 adult women (that is, one sample from each woman) in 21 study sites in four areas [namely, China (Mainland) , Japan, Korea and Malaysia].
The procedures of collecting food duplicate samples and use of FCTs for estimation of daily dietary intake of elements were as previously described (for details, see Part 1 of this report : Zhang et al, 1998) . Four types of FCTs (Resources Council 1982 , 1992 Tee et al, 1988; Institute of Nutrition and Food Hygiene 1991a; Rural Nutrition Institute 1991) used in this part of the study are listed in Table 1 , for example, Standard Tables of Food Composition in Japan (Resources Council, 1982) and its supplement for minerals (Resources Council, 1992) were employed when food duplicate samples from women in Japan were subjected to the estimation for element intakes.
Determination of elements by inductively-coupled plasma mass spectrometry Preparation of wet-ashed samples, the instruments used for ICP ± MS analysis and their operational conditions were previously described (Zhang et al, 1998) . Analytical conditions and performance of the instruments speci®c to Na, K, Mg, Cu and Zn determinations are summarized in Table  2 . The recovery rates were in a range of 89 ± 105% depending on the elements analyzed when examined with spiking concentrations of 1, 180, 580, 237, 0.5 and 5.0 mga1 for Na, K, Mg, Cu and Zn, respectively, and the precision in terms of coef®cients of variation after repeated determination by ®ve times was less than 3%. The detection limits were higher for Na and K (about 10 mgag food homogenate) than the limits for Mg, Cu and Zn (1 mgag or less), but this was considered to be acceptable because dietary Na and K intakes were in the order of gad whereas it was in the order of 0.1 gad or less for other three elements, as to be discussed later.
The accuracy of the measurement as evaluated in terms of the ratios of measured values over the certi®ed values were considered acceptable; the ratios for the ®ve elements were in a range of 91 ± 109% when a bovine liver sample was analyzed, and it was 96 ± 100% with a total diet sample.
Reagents
Stock solutions (Na, K, Mg, Cu and Zn) of certi®ed references (1000 ppm) were purchased from Wako Pure Chemicals (Osaka, Japan). Sources of mineral acids (Wako Pure Chemicals, Osaka, Japan) and two standard reference materials [bovine liver (SRM 1577b) and human total diet (SRM 1548), both from National Institute of Standards and Technology (Gaithersburg, USA)], and the preparation of deionized water were as previously described (Zhang et al, 1998) .
Statistical analysis
Student's paired t-test, regression analysis, ANOVA, multiple comparison (Scheffe) and U-test were employed for statistical evaluation, with an assumption of normal distribution. In the regression analysis, the agreement between Purchased from the National Institute of Standards and Technology (Gaithersburg, USA).
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the two variables examined was considered good when the slope was close to 1.0, and poor when the slope deviated widely from 1.0, when the intercept was small and the correlation coef®cient was close to 1.0.
Results
Comparison of the food composition table-based estimates of Na and K intakes with measured values with ICP ± MS
In total, 782 samples from four areas [China (Mainland), Japan, Korea and Malaysia] were subjected to the estimation (E) of dietary Na and K intakes utilizing the FCT of each area, and the results were compared with the values measured by ICP ± MS (M). The results on Na and K are summarized in Tables 3 and 4 , respectively. In estimation and determination of Na, the pairs of the (E) and (M) values showed a signi®cant (P`0.01) difference in China (Mainland), Japan and Korea when examined by paired t-test, but it was insigni®cant (P b 0.10) in the case of Malaysia. When the ratio of the (E) over the (M) [or the (E)a(M) ratio] was calculated, the mean ratio for an area distributed in a range of 75% for Korea to 114% for Japan.
Regression analysis gave a large correlation coef®cient of 0.56 for Japan and 0.61 for Korea suggesting a satisfactory agreement between (M) and (E), but it was small for China (Mainland) and Malaysia (0.27) although they were all statistically signi®cant (P`0.01).
The estimation (E) and measurement (M) of K followed by comparison of the pairs by paired t-test showed that the (E) values were signi®cantly (P`0.01) different from the corresponding (M) values. When the (E)a(M) ratio was calculated for each area, the ratio for China (Mainland), Japan and Korea distributed in a relatively narrow range of 91 ± 120%, but it was as high as 201% for Malaysia. Further analysis by linear regression showed that the correlation coef®cient was largest for Korea (r 0.57) but the slope was shallow (b 0.47). In contrast, the slope was 1.00 in case of Malaysia but the correlation was low (0.34) although it was statistically signi®cant (P`0.05).
Comparison of the (E)a(M) ratios on Mg, Cu and Zn
The FCT database for Mg, Cu and Zn was available only for China (Mainland) and Japan. Accordingly, the comparison was possible only for these two areas (Table 5 ). The numbers of cases were however large, that is, 250 cases for The unit for measured and estimated values is mgad. a a and b are parameters of a calculated regression line, Y a bX, where X and Y are measured and estimated daily intake of the element, respectively. r is a correlation coef®cient, and P is for the signi®cance of the r. The unit for measured and estimated values is mgad. Other notes are as under Table 3 .
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China (Mainland) and 350 for Japan, or 600 when combined.
In the case of Mg, the (E)a(M) ratio was high (122%) for China (Mainland) and low (58%) for Japan. Therefore, paired t-test showed signi®cant differences (P`0.01) between the (E) and (M) values in both areas. Nevertheless, the regression analysis showed large correlation coef®-cients for the two areas between the (E) and (M) values. The slope was steeper for Mainland China (b 0.75) than for Japan (b 0.15).
The (E)a(M) ratio for Cu was high (206%) for China (Mainland) with a signi®cant (P`0.01) difference between the two values when examined by paired t-test (Table 5) . Correspondingly, the slope of the regression line was shallow (b 0.40). The observation on Cu in Japan was puzzling at ®rst glance, because the (E) and the (M) agreed with each other [P b 0.89 for the difference when examined by paired t-test, with the (E)a(M) ratio of 100%] whereas the slope of the regression line (b 0.16) was far from 1. The scatter diagram (Figure 1 ) however makes it visible that the absence of the difference between the (E) and the (M) is primarily due to dense clustering of cases around the point of (1,1).
In regard to Zn, the (E) values differed signi®cantly (P`0.01) from the (M) values in China (Mainland) with a (M)a(E) ratio as high as 247%, whereas the ratio for Japan (95%) was close to 100% although the difference between the pairs was signi®cant (P`0.05; Table 5 ). Regression analysis revealed that the intercept on the vertical axis was large for both areas [8.6 for Mainland China (Mainland) and 4.0 for Japan], although the correlation between the (E) and the (M) was signi®cant (P`0.01) for both areas (Table  5) .
Comparison of variation in the (E)a(M) ratio among Asia, China (Mainland) and Japan
In order to investigate the possibility that the variation in the (M)a(E) ratio among the four areas in Asia may be due to the use of four different FCTs (Table 1) , the variation in the ratio within China (Mainland) and that within Japan was compared with that for all Asia; China (Mainland) and Japan were selected for comparison because 5 and 11 sites, respectively, were studied there, whereas it was 4 and 1 for Korea and Malaysia. It should be added that the FCT of a whole country version was used for China (Mainland) and only one version was available for Japan ( Table 1 ), and that they were used by one each of the veteran nutritionists. The results on the ®ve elements are summarized in Table 6 .
The comparison on Na and K showed that there was no signi®cant (P b 0.05) difference in the width of variation among the three groups of all Asia, China (Mainland) and Japan, and therefore between all Asia and China (Mainland) (P b 0.05) and also between all Asia and Japan (P b 0.05). In other words, the variation in the ratio on Na and K with one version of the FCT [namely, China (Mainland) and Japan, respectively] was no smaller than that with multiple FCT versions (all Asia). It should be noted that the difference between China (Mainland) and Japan was also insigni®cant (P b 0.05).
For Mg, Cu and Zn, all Asia consisted of only two areas. Nevertheless, ANOVA showed a signi®cant (P`0.01) difference among the three groups for each of the three elements. In addition, U-test showed a signi®cant (P`0.05) difference between China (Mainland) and Japan.
Discussion
The present analysis on Na and K with food duplicate samples collected from 782 adult women in four areas in Asia [China (Mainland), Japan, Korea and Malaysia] showed that the FCT-based estimates were generally close to the values measured by the ICP ± MS determination (that is, in a range of 75 ± 114% for Na, and 91 ± 120% Table 5 ). The curves on both sides of the regression line show the 95% con®dence ranges of the regression line, and the outermost curves show the 95% con®dence ranges for individual cases. The difference between the two areas is signi®cant (P`0.05) by paired t-test and also by U-test.
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for K, with one exception of 201% for K in Malaysia; Tables 3 and 4) . Correlation coef®cients between the two values were also statistically signi®cant in all cases (P`0.01 ± 0.05). In three other cases of Mg, Cu and Zn for which only two areas were available for comparison, the correlation coef®cients between the pairs of (E) and (M) values were signi®cant (P`0.01 ± 0.05) for the three elements in both areas, but the (E)a(M) ratio close to 100% was obtained only for Cu and Zn in Japan (Table 5) .
Of particular interest is unexpectedly good results for Na, with the (E)a(M) ratio close to 100% and signi®cant (P`0.05) correlation between the two values. It is known through experiences that accurate estimation is very hard to achieve on the consumption of sodium chloride-containing foodstuff, such as cooking and table salt, mayonnaise, soybean sauce and miso paste, because salt content may vary from home to home especially when the foodstuff is home-made (for example, in case of miso paste; Shimbo et al, 1993 Shimbo et al, , 1996a . Furthermore, the consumption is essentially unmeasurable by the food duplicate method and the estimation of the intake primarily relies upon the expertise of the nutritionist in charge. Therefore, sodium content in foodstuff as a tool of the estimation of the dietary intake is not given in some FCTs (for example, the tables for Filipinos; Food and Nutrition Research Institute, 1990, 1997) most probably in re¯ection of such dif®culties.
Most of the areas studied share the same public nutrition problem of high salt intake, which is often connected with high carbohydrate intake and low consumption of lipid and animal protein (Rahmat, 1986; Khor, 1992; Shimbo et al, 1996a Shimbo et al, , 1997 Yamada et al, 1996; Qu et al, 1997; Nakatsuka et al, 1998) . Accordingly, nutritionists in direct contact with the people in the areas have been paying keen attention toward accurate estimation of salt intake. The present results of rather unexpectedly close agreement between the (E) and the (M) throughout the four areas may be taken as a proof of their successful efforts.
A good agreement was also observed for K in China (Mainland), Japan and Korea, but not in Malaysia. No apparent reason for poor agreement in Malaysia is available at the moment. It is true that ethnically the population of Malaysia consists of three major groups of Malay, Chinese and Indian people. The food duplicate donors in this study were however all ethnically Malay women (Shimbo et al, 1996b) , and the dif®culty associated with ethnic complexity in cooking can be ruled out.
RDA (and its analog) for Mg, Cu and Zn available in several RDA books are listed in Table 7 . All of the four RDA books (Institute of Nutrition and food Hygiene, 1991b; Ministry of Health and Welfare, 1994; RDA Committee, 1989; National Research Council, 1989 ) make recommendation for Zn, two of them for Mg [the value for Japan is not an RDA but a`safe and adequate dietary intake' (Ministry of Health and Welfare, 1991) ] and one for Cu [the value for Cu in USA is not an RDA but shows an intake range considered adequate (National Research Council, 1989) ].
The RDA for Zn is in a range of 9 ± 15 mgad, depending on the RDA books (Table 7) . Regarding Zn intake in real life, Walsh et al (1994) summarized in their review on health effects of Zn that dietary intakes of Zn reported are in a range of 6 ± 14 mgad. Based on clinical and clinicolaboratory ®ndings, Van Wouwe (1995) estimated that 0.5 ± 3% of total Dutch and US children may be suffering from marginal Zn de®ciency. According to Baily et al (1997) however, free-living elderly UK population appeared to be adequately nourished with respect to Zn and Cu; the average intake of the elderly women as determined by atomic absorption spectrometry was 8.11 mgad for Zn and 1.45 mgad for Cu. The largest Zn dose used in supplement trials to cope with Zn de®ciency was 14 mgad according to a review by Allen (1994) , and even a higher dose of 22.5 mgad was cited in another review by Ploysangam et al (1997) . It is also known that Zn interacts with Cu in the metabolism in humans and excess Zn intake (for example, 100 ± 300 mgad) may induce Cu de®ciency (Fosmire, 1990) . Furthermore, simultaneous dietary intake of phytic acid may substantially reduce bioavailability of Zn by chelation in the digestive tract (Zhou & Erdman, 1995) . Taking all the ®gures together, it appears that dietary Zn requirement is subject to vary depending on various factors. Nevertheless, the large (E)a(M) ratio of b 200% (Table 5 ) may suggest a possibility to mislead estimation of Zn intake.
Information on dietary Mg requirement of humans is limited. According to Seelig (1994) , a low MgaCa ratio favors excess release or formation of vasoconstrictive and platelet-coagulating factors. Whereas the depletion of Mg in real life may occur in extreme cases such as patients receiving concentrated calories via total parenteral nutrition (Solomon & Kirby, 1990) , it is not clear whether marginal Mg depletion results in a disease (Shils & Rude, 1996) . Reports on the dietary requirements of Cu are even scarce (National Research Council, 1989 ). Therefore it is not possible to evaluate if the (E)a(M) ratio for Mg and Cu as summarized in Table 5 suggests adequate reliability in nutritional health.
Conclusions
When the results on Ca, P and Fe given in Part 1 of this series of reports (Zhang et al, 1998) are combined with the ®ndings on Na, K, Mg, Cu and Zn given in the present report for overall evaluation, it appears prudent to conclude that the FCT-based estimation of dietary intakes of these elements are generally not in close agreements with the results of the measurement by ICP ± MS, with one possible exception of Na. The extent of disagreement varied both by the element and also by the area where the food duplicate The body weight (in kg) of a reference women.
Element intake; FCT vs ICP±MS S Shimbo et al samples were collected. In general, the discrepancy of the (E) from the (M) was smaller for Na, K and Ca (being smallest for Na) and larger for Fe. Suppose the desired target is a close agreement in a range of 80 ± 120% as the (E)a(M) ratio, this goal was not achieved in any of the six areas studied, unfortunately.
